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(54) Method and system for maintaining freeform ink annotations on changing views 



(57) The method and system of the invention main- 
tains the indication of the logical relationship of freeform 
digital ink annotations to objects in an electronic display 
even as the view changes. The invention maps the log- 
ical relationship of the freeform digital ink annotations 
to objects in the view based upon the layout relation- 



ships of the freeform digital ink annotations to the ob- 
jects in the view. If the view changes, the invention main- 
tains the layout relationship of the freeform digital ink 
annotations to the objects in the view based upon the 
mapping of the freeform digital ink annotations to the 
objects. 
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[0013] Dynomite does not permit annotations directly on the view and the annotations are not rendered on the new 
views in accordance with changes to the views. 

[0014] The method and system of the invention maintain the layout relationships between freeform digital ink anno- 
tations and objects in changing views. As a user makes a freeform digital ink annotation on a view and as the view 
changes, the method and system of the invention adapt the marks in accordance with the changes. Thus, the logical 
relationship between the freeform digital ink annotations and the objects made in one view can be understood in future 
views based upon the layout relationships. 

[0015] The method and system also maintain the indication of the logical relationships between freeform digital ink 
annotations and objects in dynamic media such as video and interactive virtual worlds. For example, if a user, wno is 
exploring an information space with a hyperbolic browser, makes a freeform digital ink annotation on a node of the 
tree, when the user changes the display to bring another portion of the tree into focus, the freeform digital ink annotation 
rotates and scales along with the tree to continue to indicate the logical relationship of the freeform digital ink annotation 
to the node. 

[0016] The methods and systems of this invention maintain the indication of the logical relationships between freeform 
digital ink annotations and objects in a view as the view of the annotated objects changes. This invention brings the 
experience of marking on paper to dynamic media, changing word-processor documents, information visualizations, 
virtual worlds, digital video and word processors. 

[0017] The system and method of the present invention maintain the indication of the logical relationship, even if the 
objects that are logically related to the freeform digital ink annotations are deleted, inserted, copied or moved or oth- 
erwise altered. The method and system also maintain the indication of the logical relationship if the layout presentation 
of the objects in the display change because the objects reflow, scale, resize, rotate, stretch, distort or morph or if any 
other aspect of the layout presentation changes, regardless of whether these changes occur discretely or continuously. 
[0018] Additionally, another exemplary embodiment of the systems and methods of the invention provides naviga- 
tional markers that make freeform digital ink annotation a powerful tool for navigating dynamic documents. A user is 
permitted to select a freeform digital ink annotation in an arbitrary view, and the display is returned to the state it was 
in when the selected freeform digital ink annotation was made. 

[001 9] The preferred embodiments of this invention will be described in detail, with reference to the following figures, 
wherein: 



Fig. 1 is a block diagram of an embodiment of the system for displaying changing views of this invention; 

Fig. 2A shows a display of an annotated hyperbolic browser in accordance with an embodiment of the present 

invention; 

Fig. 2B shows the annotated hyperbolic browser of Fig. 2A with the view changed and freeform digital ink anno- 
tations adjusted in accordance with the change in the view in accordance with an embodiment of the invention; 
Fig. 3 A shows a display of an annotated document; 

Fig. 3B shows the annotated document of Fig. 3A after modification of the document and shows the adjustments 
to the freeform digital ink annotations in accordance with an embodiment of the present invention; 
Figs. 4A-4F show a flowchart outlining a control routine for mapping freeform digital ink annotations to objects in 
a display in accordance with an embodiment of the prevent invention; 

Figs. 5A-5B show a flowchart outlining a control routine for rendering freeform digital ink annotations on a changed 
view in accordance with an embodiment of the present invention; and 

Fig 6 shows a few examples of different types of freeform digital ink annotations. These and other features and 
advantages of this invention are described in or are apparent from the following detailed description of the preferred 
embodiments. 

[0020] Fig. 1 shows one exemplary embodiment of the electronic system 10 of this invention. The electronic system 
10 includes a processor 12 communicating with a memory 14 that stores the programs, documents and other data for 
practicing the invention. The processor 12 also communicates with a display 16, a keyboard 18, a mouse 20 and a 
pen 22 via input/output device 24. The keyboard 18, mouse 20, pen 22 and any other interface devices (not shown) 
are operated by a user to control the operation of the electronic system 10. Control of the electronic system 10 is not 
limited to the interface devices shown and does not require any particular interface device. The display 16 may be on 
a stand-alone pen computer or a tablet connected by a tether to a conventional computer or any other type of display. 
[0021] As shown in Fig. 1 , the system 10 is preferably implemented using a programmed general purpose computer. 
However, the system 10 can also be implemented using a special purpose computer, a programmed microprocessor 
or microcontroller and any necessary peripheral integrated circuit elements, an ASIC or other integrated circuit, a 
hardwired electronic or logic circuit such as a discrete element circuit, a programmable logic device such as a PLD, 
PLA, FPGA or PAL, or the like. In general, any device on which a finite state machine capable of implementing the 
flow charts shown in Figs. 4A-5B can be used to implement the system 10. 
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[0025] F,g. 3A shows a first view 50 of a document 52 having freeform digital ink annotations 54 56 and 58 Fia 3B 
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anchors with offsets. An anchor is either a simple anchor or a composite anchor. An anchored stroke is an anchor plus 
a list of offsets. 

[0033] An embodiment of the method and system of the invention moves the anchor points if the underlying anchored 
objects move. Unanchored segments of the freeform digital ink will stretch to fit between the anchored points. Some- 
5 times adjacent anchor points move apart because the underlying objects move apart: For example, if a text phrase 
reflows from a single line across two lines (as shown in Figs. 3A and 3B). In such cases, the connection between the 
formerly adjacent anchored points can be left out to reduce clutter and any unanchored ink between those points can 
... be removed. Thus, as shown in Fig. 3B, the reflowed freeform digital ink annotation is split and does not show ink 
: extending between the two segments, which are on two separate text lines. If anchor objects for a stroke are deleted, 
io then the freeform digital ink annotations can be remapped to the nearest remaining objects in the document. If all 
, anchor objects for the freeform digital ink annotation are deleted then the annotation can be deleted. 
- [0034] The type of the anchors for the freeform digital ink annotation depends upon the shape of the annotation and 
the kind and number of the corresponding objects. One method, detailed below, for computing ink anchors is to select 
the nearest object for each segment in the ink. Alternatively the type of stroke, as determined from its shape, can be 
used to determine the anchor objects. In another case, a freeform digital ink annotation with multiple anchors may 
cause unwanted distortions when the view changes. To avoid this problem, an embodiment of the present invention 
groups segments of the freeform digital ink annotation together to reduce the number of anchors. 
[0035] As briefly described earlier, an embodiment of the method and system of the present invention uses at least 
three processes. The first process receives freeform digital ink annotations on the view, the second process computes 
a logical mapping between objects in the view and the freeform digital ink annotations, and the third process renders 
the freeform digital ink annotations on a view that has changed. An optional fourth process selects freeform digital ink 
annotations to navigate to a previous state. 

[0036] The first process includes sensing data points from a pointing device, such as a mouse or a pen, rendering 
the ink strokes by connecting the points on the view, and grouping the ink strokes together to form a freeform digital 
ink annotation. These ink strokes may be grouped, for example, by a simple time threshold. The second process 
receives the freeform digital ink annotations as input and maps between the objects and the freeform digital ink anno- 
tations. The third process updates the view when the document changes. This process uses the mapping to render 
the freeform digital ink annotation on the objects as the view changes. 

[0037] The procedures and the embodiments of the invention described herein assume that the objects do not change 
30 while the user is inking. However, the method and system of the invention is not limited to applications in which the 
objects being annotated do not change. As an example, in the case of video, the video may be halted while the user 
marks. Alternatively, the video can continue while the user marks and the state of the objects at some point in time 
can be used to interpret the objects and update the mapping between the objects and the freeform digital ink annota- 
tions. 

35 [0038] The fourth process takes a selection on a view, determines if it corresponds to a freeform digital ink annotation, 
and, if it does, replaces the current view with the view which existed when the freeform digital ink annotation was made. 
This process requires storing an additional mapping from the freeform digital ink annotations to the state of the changing 
view, 

[0039] The present invention recognizes that objects may be built from sub-objects which may be split from each 
other. One example is a text phrase that is built out of words. If a phrase has a freeform digital ink annotation that 
circles the phrase and if that phrase reflows across two lines, the invention recognizes this split and may either reflow 
the freeform digital ink annotation by splitting it up into several segments, each of which follows the corresponding 
underlying words as they move, or the system may choose to draw lines between matching segments of the circle. 
Alternatively, the freeform digital ink annotation could be replicated at a smaller scale on each individual word. 
45 [0040] A user can also copy a phrase to another paragraph, which could be considered a form of splitting or as an 
entirely new and unrelated object, without the circle annotation. 

[0041] Conversely, objects can merge into larger entries. For example, if an unannotated word between two anno- 
tated words is deleted then the two annotated words "merge" to form an annotated phrase. The two annotations join 
to form a single annotation of the merged phrase. 
so [0042] Objects may also disappear entirely. For example, words in a text editor can be deleted. In this case, the 
-freeform digital ink annotations associated with the object can disappear also, or they can remain at the location be- 
tween the surrounding objects. 

[0043] Objects can also change. For example, a user in a text editor can select an annotated word and replace it 
with a new word. The new word could be considered a a new version of the original object. The annotation on the 
original word may then be associated with the new object. In this case, the annotation may alter its shape to conform 
to the new word, for example, by stretching or shrinking. Alternatively, the annotation could be removed from the display. 
[0044] An embodiment of the method and system of this invention may group ink strokes on text to form a single 
freeform digital ink annotation. By way of non-limiting examples, the annotations can be categorized as circles, under- 
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First, classify the group of strokes as circles, underlines/cross-outs, insertions, margin 
notes, or connectors. Notice that this may require splitting some of the strokes, and 
may result in several groups of strokes. Then, 

Sort the new groups of strokes so that connectors appear afler any groups they 
connect to 

For each new group of Strokes 

If the group is a circle or an underline or a cross-out, then 

Split the group of strokes into a list of strokes and characters 
For each stroke and character pair in the list 

Create a new simple anchor corresponding to the character 

Get the region corresponding to the character 

Let anchor position be the center of the region 

Create a new anchored stroke based on the simple anchor 

For each position in the stroke, 

Let offset be position minus anchor position 
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Append offset to the anchored stroked list of offsets 

End for 

Add anchored stroke to the annotation database 

End for 

Else if the group is an ink insertion into the text, then 

Ltf character position be the character position where the ink dips into the 

Get the position corresponding to the character position 
Let anchor position be that position 
For each stroke in the group 

Create a new anchored stroke based on the character position 
For each position in the stroke 

Let offset be position minus anchor position 
Append offset to the anchored stroke's list of offsets 

End for 

Add anchored stroke to the annotation database 

End for 

Else if the group is a margin annotation, then 

Let character position be the first character position corresponding to the 
vertical extent of the annotation 

Get the left and right margin positions corresponding to character position 
If the group is mostly to the left of the left margin position, then 

Let margin anchor be { character position, flag=Ieft } 

Let anchor position be the left margin position 

Else 

Let margin anchor be { character position, flag=right } 
Let anchor position be the right margin position 

End if 

For each stroke in the group, 

Create a new anchored stroke based on the margin anchor 
For each position in the stroke 

Let offset be position minus anchor position 
Append ofTset to the anchored stroked list of offsets 
End for 

Add anchored stroke to the annotation database 
End for 

Else if the group is a connector, then 

For each of starting and ending position on connector 
If position is near an annotation 

Let simple anchor be the anchor for that annotation 
Let anchor position be the current position of the simple 
anchor 

Let offset be position minus anchor position 
Else (position is near an object) 

Let simple anchor be the anchor for that object 

Let anchor position be the current position of the object 

Let offset be position minus anchor position 

End if 

End for 
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Let composite anchor be the anchors and offsets corresponding to the 
starting and ending positions 
For each stroke in the group 

Create a new anchored stroke based on the composite anchor 
For each position in the stroke 

Let offset be position minus starting position 
Divide offset by the distance between thestarting and 
ending positions 

Rotate offset around the origin by-angle (ending position 
minus starting position) 

is Append offset to the anchored stroke's list of offsets 

End for 

Add anchored stroke to the annotation database 

End for 

20 End if 

End for 

[0050] The control routine shown in Figs. 4A-4F starts at step S100 and continues to step S102. In step S102, the 
control routine groups the ink strokes into annotations such as circles, underlines/cross-outs, insertions, marginalia or 

25 connectors. It is to be appreciated that this may require splitting some strokes and may result in several groups of 
strokes. The control routine then continues to step S104 where the annotations are sorted so that connectors appear 
after any group to which they are connected. The control routine then continues to step S106 where the control routine 
initiates a loop that iteratrvely processes all of these annotations. The control routine determines if the current annotation 
is a circle, an underline or a cross-out. If in step S106, the control routine determines that the current annotation is a 

30 circle, an underline or a cross-out then the control routine jumps to step S116. If, on the other hand, in step S106 the 
control routine determines that the current annotation does not, include a circle, an underline or a cross-out then the 
control routine continues to step S108. In step S108, the control routine determines if the current annotation is an ink 
insertion. If, in step S108, the control routine determines that the current annotation is an ink insertion then the control 
routine jumps to step S138. If, on the other hand, the control routine determines that the current annotation is not an 

35 ink insertion, then the control routine continues to step S110. In step S110, the control routine determines if the if the 
current annotation is a margin annotation. If, in step S110, the control routine determines that the current annotation 
is a margin annotation then the control routine jumps to step S158. If, on the other hand, in step S 110, the control 
routine determines that the current annotation is not a margin annotation then the control routine jumps to step S186. 
[0051] After completing one of the processes of Figs. 4B-4F, which will be explained in detail below, the control 

40 routine continues to step S112 where the control routine determines if more annotations need to be processed. If in 
step S112, the control routine determines that more annotations need to be processed, then the control routine returns 
to step S106. If, on the other hand, the control routine determines that no more annotations need to be processed, 
^then the control routine continues to step S1 14 where control is returned to the environment in which the control routine 
of Figs. 4A-4F operate. 

45 [0052] At step S116, the control routine splits the annotation into a list of substrokes each with a corresponding single 
character. Thus, the control routine splits the annotation into substroke/character pairs. The control routine then con- 
tinues to step S118, where the control routine initiates a loop to iteratively process each substroke/character pair in 
the current annotation. In step S1 18, the control routine creates a new simple anchor that corresponds to the current 
character The control routine then continues to step S120 where the control routine acquires the region in the view 

50 that corresponds to the current character. The control routine then continues to step S122 where the control routine 
sets an anchor position to the center of the region in the view. The control routine then continues to step S124 where 
the control routine creates a new anchored stroke that is based upon the simple anchor and continues to step S126. 
In step S126, the control routine sets an offset to the position from the substroke minus the anchor position and con- 
tinues to step S128. In step S128, the control routine appends the offset to the anchored stroke's list of offsets and 

55 continues to step S130. In step S130, the control routine determines whether more positions exists in the current 
substroke. If the control routine determines in step S130 that more positions exists in the current substroke, then the 
control routine returns to step S126. If, on the other hand, the control routine determines that more positions do not 
exist in the current substroke then the control routine continues to step S132. In step S132, the control routine adds 
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S198, the control routine determines whether more starting or ending positions exist in the current annotation. If, in 
step S198, the control routine determines that more starting or ending positions exist in the current annotation then 
the control routine returns to step S186. If, on the other hand, the control routine determines, in step S198, that no 
more starting or ending positions exist in the current annotation then the control routine continues to step S200. 

5 [0057] In step S200, the control routine initiates a loop to process all strokes in the current annotation. In step S200, 
the control routine creates an anchored stroke having a composite anchor based upon the anchors corresponding to 
the starting and ending positions and continues to step S202. In step S202, the control routine sets an offset to the 
current position in the current stroke minus the starting position and continues to step S204. In step S204, the control 
routine divides the offset by the distance between the starting and ending positions and continues to step S206. In 

io step S206, the control routine rotates the offset around an origin by an angle equal to the ending position minus the 
starting position and continues to step S208. In step S208, the control routine appends the offset to the anchored 
stroke's list of offsets and continues to step S21 0. In step S21 0, the control routine determines whether more positions 
exists in the current stroke. If, in step S210, the control routine determines that more positions exists in the current 
stroke then the control routine returns to step S202. If, on the other hand, the control routine determines, in step S210, 

15 that no more positions exists in the current stroke then the control routine continues to step S212. In step S212, the 
control routine adds the composite anchor to the annotation database and continues to step S214. In step S214, the 
control routine determines if more strokes exists in the current annotation. If, in step S21 4, the control routine determines 
that more strokes exists in the current annotation then the control routine returns to step S200. If, on the other hand, 
the control routine determines that no more strokes exists in the current annotation, then the control routine continues 
20 to step S216 where the control routine returns to step S112. 

[0058] Figs. 5A-5B shows a control routine for rendering freeform digital ink annotations on a changed view. The 
flow chart parallels the following pseudocode. 

2s Using the annotation database, get the list of all anchored strokes 

For each anchored stroke, 

Extract the anchor and the list of offsets 
Let stroke be a new stroke 
30 If anchor is a simple anchor 

Determine if the character or character position underlying the anchor 
has been deleted 
If not, then 

^ Let anchor position be the position of that anchor 
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Else 



For each offset, 

Let new position be offset + anchor position 
Add new position to the stroke 

End for 

End if 

Determine if the character or character positions underlying the l sl and 
2 anchors has been deleted 
If both have been deleted, then 
do nothing 

Else 

Let starting position be the position of the 1 st anchor plus the 
1 st offset 

Let ending position be the position of the 2 nd anchor, plus the 
2 nd offset 
For each offset, 

Let new offset be offset rotated byangle (ending 
position minus starting position) 

Multiply new offset by the distance between the starting 
& and ending positions 

Let new position be new offset plus starting position 
Add new position to the stroke 
End for 

End if 

End if 

Render stroke on the view 

End for 



[0059] The control routine starts at step S300 and continues to steo S302 In <^n qoao th^ ^ r . 

a list of all anchored strokes from the annotation database an l^^J^^^^ll^ TT* 

2 cot' I 6 a r°;? n K " ° f ° flSe,S ,r ° m ,he anch^^lS^.S^S^^ 
the control routine lets the stroke be a new stroke and continues to step S308. In step S308 the conIS out ne dfS' 

aSLThf Z iS 3 SimP ' e anCh0r "' in Step S308 = the control ro "tine detain* iha ^SS^.tS 

S308 \^ °nT rOU T e C ° nt : nUeS 10 S,6P S31 °- "' ° n the ° ther hand ' the cont -' routine determined inTep 
S308. that the anchor B not a simple anchor then the control routine jumps to step S326 In steo S310 the £JX 
routine determmes if the character or character position has been deleted If , in step S31 0 ^cZntn lZe ZT 
mines that the character or character position has been deleted then the control routine jump! Txo sZ sW Hon Z 

conlSnemr"' r ine determineS ^ CharaC,Sr ° f the Character P-lti^S^S me 

IZ^^ZrtT^T, ^ St ? S312 " ' n St6P S312 ' ,he C ° ntro1 rOU,ine se,s the anchor P^«ion to the Son 

Sfset frTm Z strike nl?fth C °k ^ * St6P S3M St6p S314 ' ,he °° nM routine lets *e new position be he 
offset from the stroke plus the anchor posmon and continues to step S316. In step S316 the control routine adds Z 

Tl° I" S,r °" e C ° ntinUeS ,0 St6p 331 a ln Step 8318 the co "tro. routine deternTe ^"ether there are 
itar^w , hand ' the Control rou,ine determines that there are no more offsets then 

h« f ? determmes that there are more anchored strokes in the annotation database then 

are Tmo 7 T* ,° ^ ™ *° °» har ^ ,he COntro1 routi " e - ^ermines in step S ZTe 
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positions have been deleted then the control routine returns to step S320. If, on the other hand, the control routine 
determines, in step S326, that the character or character position underlining the first and second anchors have not 
been deleted then the control routine continues to step S328. In step S328, the control routine sets the starling position 
to the position of the first anchor plus the first offset and continues to step S330. In step S330, the control routine sets 
the ending position to the position of the second anchor plus the second offset and continues to step S332. In step 
S332, the control routine sets the new offset to the offset from the anchored stroke rotated by an angle equal to ending 
position minus starting position and the control routine continues to step S334. In step S334, the control routine mul- 
tiplies the new offset by the distance between the starting and ending positions and continues to step S336. In step 
S336, the control routine sets the new position to the new offset plus the starting position and continues to step S338. 
In step S338, the control routine adds the new position to the stroke and continues to step S340. In step S340, the 
control routine determines whether more offsets exist. If, in step S340, the control routine determines that more offsets 
exist then the control routine returns to step S332. If, on the other hand, the control routine determines, in step S340, 
that no more offsets exists then the control routine returns to step S320. 

[0061] Freeform digital ink annotation is intended to mean a visible ink stroke of arbitrary shape made with a pen, a 
mouse or other pointing device that persists over time. A pen based input device is intended to include a pen tablet, 
a pen display, a pen display tablet, a pen computer and/or a touch screen. The systems and methods of this invention 
may infer some meaning from the shapes or the morphological characteristics of ink strokes but do not remove the ink 
stroke once they have been recognized. 

[0062] While the detailed description refers generally to electronic systems, it is intended to be understood that the 
method and system of the present invention may be applied to any electronic book and document reader that displays 
changing views. Electronic book and document readers include any electronic handheld device that can be accessed 
with a pointing device such as a pen and that accepts freeform digital ink as input. Electronic book and document 
readers may also include other additional features without limitation. 

[0063] It is intended to be understood that the term "text" is intended to include text, digital ink, audio, video or any 
other content of a document, including the document's structure. An object is intended to be any component of a display 
such as : by way of non-limiting example, a character, a word, a phrase, a sentence, a paragraph, a line, a section, a 
chapter, a portion of an image that is identifiable by a computer vision system in a single image or in a stream of images 
as in a video, etc. 

[0064] It should be understood that a change in the structure of a document is intended to include inserting, deleting, 
copying and moving of objects or the like. It is also intended to be understood that a change in the layout structure of 
a document includes reflowing of objects, resizing of objects, rotation of objects, stretching of objects, distortion of 
objects, morphing of objects or the like. 

[0065] While this invention has been described in conjunction with the specific embodiments outlined above, it is 
evident that many alternatives, modifications and variations are apparent to those skilled in the art. Accordingly, the 
preferred embodiments of the invention as set forth above are intended to be illustrated and not limiting, "various chang- 
es may be made without departing from the spirit and scope of the invention. 



Claims 

1. A method for maintaining an indication of a logical relationship of at least one freeform digital ink annotation to at 
least one object in a first view as the first view changes, the indication including a layout relationship of the at least 
one freeform digital ink annotation to the at least one object, the method comprising: 

mapping the logical relationship of the at least one freeform digital ink annotation to the at least one object 
based upon the layout relationship of the at least one freeform digital ink annotation and the at least one object 
in the first view; 
generating a second view; 

rendering the at least one freeform digital ink annotation in response to the generation of the second view, the 
layout relationship of the at least one freeform digital ink annotation and the at least one object in the second 
view based upon the mapped logical relationship of the at least one freeform digital ink annotation to the at 
least one object in the first view. 

2. The method of claim 1 , wherein the second view is generated in response to at least one of a change in the structure 
of a document and a change in the layout of the document. 

3. The method of claims 1 or 2, wherein mapping the logical relationship comprises: 
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splitting the at least one freeform digital ink annotation into a plurality of substrokes. each substroke corre- 
sponding to a portion of the annotation that is in proximity to an object' and 

ninS T a " C , hC V 0r 6aCh , °' PlUraM,y ° f subs,rokes based "P°n the layout relationship of each of the 
plurality of substrokes to at least one object in the first view. 

4. The method of claim 3, wherein: 

inkanS!!! * ^ ,reef ° rm di9ital mk annotation comprises rendering the at least one freeform digital 
ink annotat.on in response to a separation of the plurality of objects in the second view and 

2 I??J, ^ ? T fr6e,0rm di9ital inK annotation furthe ' comprises splitting the at least one free form 
digital ,nk annotation into at least two freeform digital ink annotations, each freeform digital ink annoteZ 
corresponding to at least one of the plurality of objects. annoiauon 

5. The method of any of claims 1 -4, wherein: 

the at least one object comprises at least two objects; and 

generating the second view comprises generating the second view in response to at least one of merqinq at 
one fnew eject. * ^ * ^ ^ *** * ^ at 16331 tW ° ^ ^ 

20 

6 " S "h h a e oTo t nh d ^,r y t 0f ''f "r 1 ' 5 ' fUrther co "W^9 mapping the logical relationship based on at least one of a 

torheobectlndJro" 6 ^ ^. ree,0 f ^ d, f ali " kan ^ i °n. a Proximi, y ofth e at.e a stonefreeformdig i ta.inkanno te tion 
to the object, and a location of the at least one freeform digital ink annotation in the first view. 

^ 7 " LTonT ohT,t in,ainin9 an "2^°" °' 3 ' 09iCal relationshi P of at ^ <«e freeform digital ink annotation to at 

wiT h ? C 3 V ' eW 38 V,SW Chan " S ' th9 indiCa,ion includin 9 a ,a y out relationship of the at least one 
freeform digrtal ink annotation to the at least one object, the system comprising: 

on?Scrand SPlayS *" ^ re ' ati ° nShip ° f the at leaSt ° ne f ree, °™ di 9* al -"notation to the at .east 

the^™Z,l h . at T,l 31 'f St ° nS f di9ital ink annota «°n to the at least one object based upon 
Z Zll f ' P * ' eaSt ° ne ,ree,0rm di9ital ink annotati °n to the at least one object in a first view 
he display [be.ng] responsive to a change in the first view to generate a second view and to render the at 

£2T! tT am0tatiOn in ,hS S6COnd Vi6W ' ,he ,ayout '^°^>P of the at least one f reeform 

d grtal ink annotate and the at least one object in the second view based on the mapped logical rela ionsS 
of the at least one freeform digital ink annotation to the at least one object in the first view relat,onsn, P 



45 



SO 



55 11. 



It feasf nn^L T h ,7, * P rocessorma P s the * "east one freeform digital ink annotation by splitting the 
!«Z i T !? annotati °n into a plurality of substrokes, each substroke corresponding to the 

porton of the freeform digital ,nk annotation that is in proximity to an object, and by creating an ancho for each 

^£ZS££Xr ^ ^ ^ ^ re ' ati0nShiP ° f ^ ° f "» ^ * -bstroki to ^ St 

9 ' a?ieB^o^^JJ;T e M PrOCeSS ° r 9enerateS S6COnd ViGW in reSp ° nSe to at ,eas < one °< the 
«,f T b, f 9 P " ,nt ° 31 ' eaSt tWO ° bjects andthe at ,easl ,wo ob j e cts being separated the processor 
split mg the at .east one freeform digital ink annotation into at least two freeform digital ink annotation^ ich 
freeform d.grta. ink annotation corresponding to at least one of the at least two objects annota,, °^ «*h 

10. The system of any of claims 7-9, wherein: 

the at least one object comprises at least two objects and 

the processor generates the second view in response'to at least one of at least two of the at least two objects 
being merged together and at leas, one of the at .east two objects being rep.aced with at .east one lew object 

ITJ^Z ,° f T ° f ? im ! 7 " 1 °' Wh6rein PrOC6SSOr mapS the at least one ,reeform di 9« a ' annotation 
based on at least one of a shape of the at least one freeform digital ink annotation, a proximity of the at least one 

ir^^L'rr ,o ,he at ,east one object and a ,oca,ion 01 the at ieL - 
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The system of any of claims 7-11 , wherein: 

the at least one f reeform digital ink annotation includes at least two f reeform digital ink annotations and the at 
least one object includes at least two objects, each object corresponding to one of the at least two freeform 
digital ink annotations; and 

the processor merges at least two of the at least two freeform digital ink annotations into a single freeform 
digital ink annotation in response to at least two of the at least two objects being merged. 
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2 The Problems 




In this section we present oC^umbeJof problems thot stond in the yoy of n»r y jsin n _ 
Eoch problem is described witfT o lew concrete exomples. ond then/ ovenues of investigntinn^ 

Qhpt moy leod to q solution ore presented in subsections. — ■ — ~ — ^ 

408. \ 

2.1 Providing information (access on mobSe devices is hard ( _ _ 

V x^n^410 404 
Specific exomples of this-pfebtem-jt^ 

• Not being oble to get the information you need when you're oway from your desktop. 

a™ 9 Woilin 9 for Web P°? es to downlood over o slow modem or wireless link. 
40o 

One promise of portoble computers is information access anytime, onywhere. People have 
become reliant on continuous, high-speed, low-cost networks at their desktop, yet portoble 
computers ore rarely connected fo such networks. Caching is a technique that mokes 
412 portoble computers less dependent on ubiquitous low-cost networking. 

4j g CochingXs an ancient computer science technique; thot stores a copy of frequently 

S referenced informaUon near at hand. Although if is a simple concept, a number of subtle 
problems arse in practice. 

^Jl*** Caching has odditionol implications* for mobile devices. When connecting over wireless 
. networks, cache misses not onfy take o relotively long time to process, but also may 
JV^^^esult in expensive fees for network occess. Moreover, when operating disconnected from a 
V«^yT network, cache misses moy stop users from continuing with their work. 



2.1.1 Removing documents from local storage 



j t Researchers have been investigating new replacement policies that better predict future 
T \ references. One avenue is to augment computational predictions with direct user 
j 418 ffl ^ erac ' ,ons ' 00 * he assumption thot people often know which informotion is most 
420 mpwlant to keep in hand. The TeleWeb [Schifit96] ond Mowgfi [U!jeberg95] mobile web 

browsers allow users to lock documents into the cache. One severe problem with a user- 
level locking interface is thot over time more and more documents become locked 
becouse users tend to lock more then they purge. In this cose, caching becomes much less 
'effective becouse locked, but no longer relevant, documents can lake up a large port of a 
cache. 



422 



Jnother/opproach is to ask the user which documents to discord instead of which 
documents to keep [Goldberg93]. For example, when coche replacement is necessary the 
system might use a 
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